Objectives: To present current literature on the topic of odontogenic sinusitis. Data Source: PubMed literature search for odontogenic sinusitis. Results: Odontogenic sinusitis is an inflammatory condition of the paranasal sinuses that is the result of dental pathology, most often resulting from prior dentoalveolar procedures, infections of maxillary dentition, or maxillary dental trauma. Infections are often polymicrobial with an anaerobe-predominant microbiome requiring special considerations for antimicrobial therapy. Medical management and treatment of the underlying dental pathology remains a critical initial step in the treatment of odontogenic sinusitis, however recent literature suggests that a significant portion of patients may require endoscopic sinus surgery for successful disease resolution.
INTRODUCTION
Over 30 million Americans suffer from rhinosinusitis, accounting for approximately 20 million office visits and 1.2 million hospital visits each year. 1 Odontogenic sinusitis describes the presence of sinonasal disease where radiographic, microbiologic, and/or clinical evidence indicates it is of a dental origin. Approximately 10% of all sinusitis cases are the result of an odontogenic process, with several reports in the literature citing that up to 40% of all sinusitis cases may have an underlying dental pathology. 2, 3 Furthermore, as many as half a million Americans have dental implant surgery every year. 4 Recent literature suggests that rising rates of dental surgery over the last several years may be associated with an increased incidence of iatrogenic causes for sinusitis. [5] [6] [7] The paranasal sinuses are air-filled cavities that develop from the facial bones of the skull. These sinuses are named for the bones in which they originate. This includes four paired sinuses: maxillary, ethmoid, sphenoid, and frontal. The paranasal sinuses are immature at birth and mature with age. Both nasal cavities have a total surface area of about 150 cm 2 . 8 The resting rate of mucus production is about 0.5 to 1 ml of mucus per cm 2 over a 24-hour period. 9 As a result, the paranasal sinuses produce 75 to 150 ml of mucus per day, which helps to humidify inspired air and facilitate alveolar gas exchange. In addition, mucus traps particulate matter and the mucociliary clearance of the respiratory epithelium removes mucus from the sinuses. Patency of sinus ostia and normal mucociliary function are required for normal function of the paranasal sinuses. The maxillary sinus is the first sinus to develop in utero via evagination of the nasal mucosa into the lateral cartilaginous environment from the primitive ethmoid infundibulum. This sinus is present at birth and demonstrates growth periods from birth to 3 years of age and further maturation from 7 to 12 years of age. The natural ostium is located in the superior aspect of the medial wall of the sinus. The ostiomeatal unit is a functional unit involved in the drainage pathway for and ventilation of the maxillary, anterior ethmoid and frontal sinuses. 10 Processes which impact the patency of the ostiomeatal unit may have an impact on the adjacent sinuses and have a significant impact on sinonasal disease.
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Epidemiology
The etiology of acute sinonasal inflammation or sinusitis may be the result of environmental allergens, irritants, bacterial infections, fungus, or dental issues including inflammation, infection, or foreign bodies. Odontogenic sinusitis is most common among 40-60 year olds with a slight female predominance. 7, 12, 13 Approximately 50% of patients will report previous dental surgery or
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From infection, however only one-third will report associated dental pain. 14 It is estimated that 10% of cases of chronic maxillary sinusitis are odontogenic in origin, though this has been reported to be as high as 75% among patients with unilateral maxillary disease. 5, 15 Although the overall incidence of odontogenic sinusitis remains relatively low, several studies have demonstrated that the incidence of odontogenic sinusitis appears to be increasing over the last decade. 16 
Etiology
Odontogenic sinusitis is most commonly the result of iatrogenic injury of the mucoperiosteum, or Schneiderian membrane, of the maxillary sinus. 13 Dental procedures such as dental extractions, maxillary dental implant placement, sinus augmentation grafts ("sinus lift"), misplaced foreign bodies as well as orthognathic and cleft surgery procedures have all been associated with odontogenic sinusitis. 15 Other potential etiologies include periodontal and periapical disease. Endodontic infections are typically the result of extension of dental caries into the dental pulp resulting in pulpitis and apical infection. Alternatively, chronic periodontitis may occur in the setting of chronic infection of a tooth socket. The resultant inflammation and/or disruption of the Schneiderian membrane leads to mucosal inflammation and altered mucociliary function within the maxillary sinus.
12 Impaired mucociliary function results in altered mucus transport, impaired mucosal defenses, blockage of sinus ostia and resultant bacterial infection and inflammation. Other less common etiologies of odontogenic sinusitis include maxillary bone trauma, odontogenic cysts, neoplasms or other inflammatory processes. 17 A recent systematic review examining the etiology of odontogenic sinusitis among 674 patients demonstrated that an iatrogenic etiology accounted for 65.7% of cases, apical periodontal pathology accounted for 25.1% of cases, and marginal periodontitis accounted for 8.3%
. 12 This study further demonstrated that the most commonly affected maxillary teeth, in order of frequency, were the first molar (35.6%), second molar (22%), third molar (17.4%), and second premolar (14.4%).
Improvement in oral hygiene through various public health campaigns and enhanced national awareness have reduced the frequency of periodontal disease; however, recent increases in the rates of invasive dental surgery, including dental implant treatment, have been associated with rising rates of iatrogenic causes for sinusitis. 5, 6, 17 In addition, rates of surgical intervention to address iatrogenic cases of odontogenic sinusitis may be as high as 80%. 11 Damage to the Schneiderian membrane of the sinus floor can occur with dental implants or foreign bodies, and this finding has also been associated with the need for surgical intervention. 11 
Clinical Evaluation and Diagnosis
The clinical presentation of odontogenic sinusitis varies, but most commonly includes symptoms of facial pain or pressure, postnasal drip, nasal congestion, purulent anterior rhinorrhea that may be unilateral, foul smell or taste, and fatigue. Obtaining a thorough history particularly as it relates to dentoalveolar surgery is critical. Of particular note is the finding that dental pain is often absent in odontogenic sinusitis, and when dental pain is present in the absence of other nasal symptoms, it is not specific for sinusitis. 18 Of additional note, less than half of patients report a recent dental procedure. This is likely due to the latency period of up to a year for augmentative dental surgery-associated maxillary sinusitis and a latency of almost four years in implant-associated maxillary sinusitis. 15 Careful evaluation of dentition for root fractures, status of the dental pulp, periodontal tissues, presence of an oral-antral fistula and condition of existing dental restorations are important components of the initial physical examination. Additionally, intranasal examination with anterior rhinoscopy or nasal endoscopy may demonstrate findings of unilateral purulent rhinorrhea or edema but remains less sensitive in the detection of odontogenic sinusitis as compared to imaging modalities (Fig. 1) .
Radiographic imaging is an essential diagnostic tool in the diagnosis and management of odontogenic sinusitis. Standard dental radiographs include periapical radiography and panoramic radiography. Periapical radiography is rendered in two dimensions with high resolution allowing for the detection of dental caries and periapical radiolucency. However, it should be noted that this modality is limited in the evaluation of multi-rooted teeth which are most commonly the source for odontogenic sinusitis. 19 Furthermore, previous studies have demonstrated that a periapical radiolucency must be very large or perforate the cortical bone in order to be observed radiographically. Panoramic radiography produces a two-dimensional representation of the curved surfaces of the maxilla. This imaging modality allows for determination of the size of periapical lesions, visualization of cystic lesions of the maxilla, as well as mucosal thickening along the floor of the maxillary sinus (Fig. 2) . However, the sensitivity of panoramic radiography in detecting periapical pathology is lower than periapical radiography due to the two-dimensional nature and resultant anatomic superimposition. 19 The overall sensitivity of dental radiographs in the detection of carious dental lesions and periodontal disease are 60% and 85%, respectively. 20 As a result, high rates of false negatives have been reported with both modalities with one study demonstrating that periapical radiography missed more than 60% of periodontal pathology when compared to cone beam computerized tomography (CT) imaging. 21 CT scans produce a three-dimensional rendering of pertinent anatomical structures in axial, sagittal and coronal planes. This modality offers high resolution images in multiple planes and eliminates superimposition of maxillary molars allowing for clinicians to distinguish between tissues of differing physical density. Maxillofacial CT scans allow for a detailed examination of the patient's paranasal sinus anatomy and detection of sinonasal inflammation (Fig. 3) . As a result, this imaging modality is the gold standard for radiographic evaluation of the paranasal sinuses in patients with chronic and recurrent acute sinonasal disease. 22 Major disadvantages of this modality include radiation exposure, limited detection of dental pathology and susceptibility to metal artifacts from prior dental restorations and craniofacial hardware. 21 Radiographic examination of patients with odontogenic sinusitis most commonly demonstrates unilateral maxillary sinusitis. More than 70% of maxillofacial CT scans showing unilateral maxillary sinusitis may be attributable to an odontogenic infection. 23, 24 However, several studies have documented that dental disease may be frequently overlooked on CT by radiologists leading to misdiagnosis. 25, 26 As a result, clinicians should carefully analyze maxillary dentition when interpreting maxillofacial CT scans, particularly in the setting of unilateral maxillary sinusitis. 27 Furthermore, involvement of the ostiomeatal unit may result in extension to adjacent paranasal sinuses with reported rates of extramaxillary extension ranging from 27% to 60% among patients with odontogenic sinusitis. 28 In addition, as many as 20% of patients with odontogenic sinusitis may have bilateral involvement. 29 Therefore, clinicians should maintain a high degree of suspicion for an odontogenic etiology.
Several studies have examined the association between specific tooth roots of maxillary dentition as it relates to the development of chronic maxillary sinusitis. Maillet et al.
14 retrospectively reviewed 871 cone-beam CT scans for the presence of sinusitis in one or both maxillary sinuses. Eighty-two imaging studies demonstrated "maxillary sinusitis." One hundred teeth were shown to be associated with a change in the integrity of the maxillary sinus floor. In this study, the maxillary first molar was most commonly associated with these findings (55%), followed by the maxillary second molar (34%), second premolar (8%) and first premolar (3%). Though the mesiobuccal root of the maxillary second molar is well documented to be closest to the floor of the maxillary sinus, theoretically increasing the risk of Schneiderian membrane disruption; the palatal root of the maxillary first molar was most commonly associated with perforation of the sinus floor. This may be due to the fact that the maxillary first molar erupts earlier than the second molar, resulting in greater susceptibility to carious dental lesions over time.
14,21
Microbiology
The bacteriology of odontogenic sinusitis is distinctly different from cases of non-odontogenic sinusitis. 29 Odontogenic sinus infections are generally polymicrobial with predominantly anaerobic organisms present in cultures, commonly including Peptostreptococcus, Prevotella, and Fusobacterium.
3,30 These higher rates of mixed aerobic and anaerobic infections among patients with odontogenic sinusitis have been well documented in the literature.
3,29,30 Zirk et al. 13 reviewed 121 cases of odontogenic sinusitis and noted that 70% demonstrated anaerobes and Fig. 2 . Panoramic radiography showing a two-dimensional representation of the curved surfaces of the maxilla and evidence of dental restorations in a patient with odontogenic sinusitis (see Fig. 3 ). 30% demonstrates aerobes. The highest susceptibility rates were observed with piperacillin (93.9%) and ampicillin (80%) combined with a b-lactamase inhibitor, followed by cefotaxime (78%), cefuroxime (69%), and clindamycin (50%). Fluoroquinolones, specifically moxifloxacin (86%) and ciprofloxacin (62%), and tetracyclines (63%) were alternative treatment options in penicillin allergic patients.
Surgical Management
Odontogenic sinus disease refractory to medical management traditionally involves definitive treatment of the underlying dental pathology. This may involve further endodontic treatment with root canal, apicoectomy, or dental extraction. Endoscopic sinus surgery may be required for patients who fail initial medical management and dental treatment. [31] [32] [33] A recent retrospective review of 43 patients with odontogenic sinusitis demonstrated that 52% of patients improved with medical and dental treatment, while 48% ultimately required functional endoscopic sinus surgery. Among this cohort of patients, 14% patients required both dental intervention and endoscopic sinus surgery. Mattos et al. 32 further identified factors predictive of the need for endoscopic sinus surgery. These predictive factors included the presence of ostiomeatal unit involvement and prior dental procedures (odds ratio 37.3 and 7.4, respectively). Additionally, all patients with oral-antral fistula or retained dental foreign bodies ultimately required functional endoscopic sinus surgery. Kim et al. 11 reviewed 19 patients treated for odontogenic sinusitis specifically as the result of a dental implant. Only 21% of patients in this cohort were successfully managed medically, while 79% required endoscopic sinus surgery. The maxillary second molar was the most commonly implanted tooth, with a mean symptom duration of 4.31 months. There were significantly higher rates of ostiomeatal unit involvement among patients in this study undergoing endoscopic sinus surgery, further supporting the conclusion that ostiomeatal unit involvement may change the clinical course of the disease and its potential for response to conservative treatment.
Successful management of odontogenic sinusitis involves a combination of medical treatment, dental surgery and/or endoscopic sinus surgery. Although several studies have emphasized dental surgery as the primary treatment modality for odontogenic sinusitis, there is recent evidence to suggest that endoscopic sinus surgery alone may be an effective treatment approach. 26, 34 A recent study examining odontogenic sinusitis in patients with dental implants who had undergone prior "sinus lift" procedures demonstrated that endoscopic sinus surgery with culture directed antibiotic therapy can be an effective treatment strategy for achieving disease resolution. 34 Among this small cohort of patients with intact dental implants, all were able to be successfully managed without removal of the involved implant at an average of 18 months follow-up. Wang et al. 26 described a cohort of patients undergoing treatment for odontogenic sinusitis. Among the patients with complete disease resolution, 33% required sinus surgery alone and 33% required concurrent sinus surgery and dental surgery. Although a large portion of patients were successfully managed with endoscopic sinus surgery alone, the authors acknowledged that dental surgery should remain the first-line surgical treatment as it appropriately targets the source of infection.
CONCLUSION
Odontogenic sinusitis is an important and relatively common disease process that is often underrecognized and frequently not identified by radiologists. This disease process is often refractory to conventional management for rhinosinusitis due to the polymicrobial, anaerobepredominant nature of these infections as well as ongoing dental pathology. As a result, the clinicians evaluating patients with rhinosinusitis should maintain a high degree of suspicion for an odontogenic etiology, particularly for cases of chronic maxillary sinusitis, cases recalcitrant to conservative treatment, and patients with a history of prior dentoalveolar surgery. An individualized, multifaceted, and multidisciplinary approach to the treatment of odontogenic sinusitis is critical to successful disease resolution.
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